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Aim of the study: The aim of tills pilot 
study was to evaluate the plasma to- 
tal antioxidant capacity (TAS) in breast 
cancer patients in relation to ERp ex- 
pression. 

Material and methods: The study group 
consisted of newly diagnosed consec- 
utive female breast cancer patients 
{n = 41) and controls (n = 28) random- 
ly selected from women with benign 
breast disease. TAS was determined 
with the ABTS reagent. Immunos- 
taining for ERp was performed using 
polyclonal antibodies. ERa, PgR and 
HER-2 were measured routinely (im- 
munostaining for ERa and PgR with 
monoclonal antibodies and EnVision 
detection system; immunohistochemi- 
cal method/FISH for HER-2 expression). 
Results: The plasma TAS was signifi- 
cantly decreased in the breast cancer 
patients in comparison to the controls 
independently of hormonal and lymph 
node status. The TAS level was not 
significantly different between breast 
cancer subgroups either in relation to 
the ERp expression {ER^+ vs. ERp-) or 
considering the steroid receptor sta- 
tus (ERa-i-, ERP+, Pg+ vs. ERa+, ERp- 
Pg-i-) even in the selected lymph node 
negative subgroup. Similarly, HER-2 
expression did not significantly affect 
the TAS concentration. A tendency to- 
wards higher TAS level in all ERp neg- 
ative breast cancer subgroups was 
observed. 

Conclusions: The results might con- 
firm enhanced consumption of plasma 
antioxidants in breast cancer patients. 
The determination of ERp isoforms 
along with parameters of redox status 
might enable better understanding of 
their mutual influence. 

Key words: total antioxidant status, 
oxidative stress, breast cancer, estro- 
gen receptor, estrogen receptor p. 
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Introduction 

Prolonged lifetime exposure to estrogens is related to elevated breast 
cancer risk in women [1]. Both estrogen receptor ER-dependent and ER-in- 
dependent mechanisms have been proposed to play an important role in 
carcinogenesis associated with estrogens [1]. The data that E^ (17|3-estradiol) 
exerts oxidative stress resulting in various types of DNA damage has proved 
the direct role of estrogens in cancer initiation [1-3]. On the other hand, both 
experimental and clinical data support the hypothesis that oxidative stress 
affects ER expression and Its molecular consequences [4]. 

Estrogen receptor a expression was documented to be essential for nor- 
mal mammary gland development and was observed to be increased during 
breast tumorigenesis [5]. Also, ERa has long been the primary target for 
endocrine therapies In breast cancer. On the other hand, the significance 
of ERp expression in normal breast development, carcinogenesis, further 
progression and treatment remains unclear [5]. The clinical studies suggest 
that higher expression of ERp In the presence of ERa in human breast can- 
cer Is associated with a better prognosis and the probability of positive re- 
sponsiveness to estrogen therapy [6]. ERp isoforms might be involved in the 
estrogen signaling alteration during breast tumor development. Moreover, 
the isoforms of ERp expressed and their cellular location might influence 
survival in breast cancer, but the data are Inconsistent [7]. 

Oxidants, i.e. reactive oxygen (ROS) and nitrogen species (RNS), are 
known to cause a wide range of cellular effects depending on the dose and 
cellular environment; for example they can act as second messengers to reg- 
ulate a variety of physiological processes. Oxidative damage to both nDNA 
and mtDNA may lead to mutations that activate oncogenes or inactivate 
tumor suppressor genes. ROS/RNS can cause oxidative damage to macro- 
molecules, thus contributingto pathogenesis of age-related and chronic dis- 
orders including cancer. ROS react with polyunsaturated fatty acids, leading 
to formation of lipid peroxidation products, in turn leading to tumor promo- 
tion [8, 9]. 

Malignant cells are characterized by persistent oxidative stress. ROS/RNS 

can activate growth-promoting transcription factors and modulate gene 
expression important in proliferation and apoptosis. Oxidants may damage 
protease inhibitors and thus promote tumor invasion. The chronic inflam- 
mation associated with the malignant process is among others an abundant 
source of ROS/RNS resulting in further genetic instability [2, 3, 10]. 
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Aerobic organisms liave created a variety of antioxidant 
meclianisms to counterbalance the oxidative damage and 
tlius to maintain tlieir genomic stability. Antioxidant de- 
fense systems consist of multiple interdependent compo- 
nents. Intracellular system: glutathione GSH and enzymes 
such as superoxide dismutase (CuZn-SOD, Mn-SOD), cat- 
alase (CAT), glutathione peroxidase (GPx), glutathione re- 
ductase (GRx) and glutathione-S-transferase (GST). Extra- 
cellular system: mostly proteins and low-molecular weight 
substances such as vitamin C, E, A, p-carotene, retinol, uric 
acid and bilirubin. As was suggested, in a living organ- 
ism a fine balance among many antioxidants appears to 
be more important for the overall protective capacity of 
the defense machinery than the activity/concentration of 
a single constituent [8]. 

Oxidative stress, i.e. loss of the fine balance between 
pro- and antioxidant mechanisms favoring ROS/RNS pro- 



Table 1. Clinical characteristics of the patient groups: with breast 
cancer and benign breast disease (control group) 



Study group/subgroup 


Number of patients 


Rrps^^t r^rxrpr prniin 


41 


Menopausal status 




pre- 


6 


post- 


35 


HRT 




Histology type 




ductal 


37 


lobular 


3 


other 


1 


Clinical stage: 




a) Deis 


4 


Tl 


25 


T2 


11 


T4 


1 


b) NO (lymph node negative) 


29 


N+ (lymph node positive) 


12 


Hormonal receptors status 




ERa+, ERP+, PgR+, HER-2- 


12 


ERa+, ERP+, PgR+, HER-2+ 


7 


ERa+, ERp-, PgR+, HER-2- 


12 


ERa+, ERp-, PgR+, HER-2+ 


4 


ERa+, ERP+, PgR-, HER-2- 


1 


ERa+, ERp-, PgR-, HER-2+ 


2 


ERa- ERP+, PgR- HER-2+ 


1 


ERa- ERp- PgR-, HER-2- 


1 


ERa~, ERp- PgR- HER-2+ 


1 


Smoking history (positive) 


9 


Control group 


28 


Menopausal status 




pre- 


6 


post- 


22 


HRT 


10 


Histology type 




fibroadenoma 


10 


mastopatia fibrosa and cystica 


16 


adenosis sclerosans 


2 


hyperplasia ductalis 


5 


Smoking history (positive) 


5 



HRT- hormonal replacement therapy 



duction, is considered to be involved in breast cancer patho- 
genesis [11]. 

Plasma total antioxidant status (TAS) estimates per- 
oxyl-scavenging capacity of the extracellular antioxidant 
system, comprised of protein thiol groups (52.9%), uric 
acid (33.1%), vitamin C (4.7%), bilirubin (2.4%), vitamin E 
(1.7%) and unidentified antioxidants (5.2%) [12, 13]. Total 
antioxidant status was found to be under strong genetic 
control. Additive effects account for 50% of the phenotypic 
variance in TAS levels in nonsmokers and for 83% in smok- 
ers [13]. 

Hence, the aim of this pilot study was to evaluate the 
plasma total antioxidant capacity in breast cancer patients 
in relation to ERp expression. 

Material and methods 

The study group consisted of newly diagnosed consec- 
utive breast cancer patients [n = 41) and controls (n = 28) 
randomly selected from benign breast disease patients 
admitted to the P' Department of Surgical Oncology and 
General Surgery, Greater Poland Cancer Center in Poznan, 
Poland. On the basis of complete clinical examination, 
those with the following conditions were excluded from 
the study: diabetes mellitus, prediabetes, advanced ath- 
erosclerosis of any location, chronic liver or renal disease, 
any inflammatory process, malabsorption or malnutri- 
tion syndrome, alcohol abuse and malignancy other than 
breast cancer The menopausal status was established on 
the basis of the data of last menstruation or the gyneco- 
logical surgery The studied women did not admit to use of 
any micronutrient supplementation. Smokers were asked 
not to smoke overnight before the blood collection. 

Blood samples were collected from women with breast 
cancer and benign breast conditions after overnight fast- 
ing and stored at -80°C until assayed. 

Lymph node status was established as negative (NO: 
without any lymph nodes involved; MO: without any dis- 
tant metastases) or positive with lymph nodes in- 
volved; MO: without any distant metastases). 

The clinicopathological characteristics of the studied 
groups of patients are shown in Table 1. 

All patients were informed of the study purpose and 
gave written consent. The reported study was approved 
by the Ethics Committee of Poznan University of Medical 
Sciences, Poznan, Poland. 

The plasma total antioxidant status was determined 
with the ABTS reagent (2,2'-azino-di-[3-ethylbenzthiazo- 
line sulfate]) by colorimetric test (RANDOX Laboratories 
Ltd, Crumlin, United Kingdom) on StatFax™ 1904 Plus 
(Awareness Technology, Inc, Palm City, FL, USA). 

Estrogen receptor a, ERp, PgR and HER-2 were mea- 
sured routinely in breast cancer tissue in Greater Poland 
Cancer Center, Poznan, Poland. Immunostaining for ERa, 
ERp and PgR was performed using monoclonal antibodies 
against ERa, PgR (DAKO Glostrup, Denmark) and polyclon- 
al antibodies against ERp (CHEMICON International, Te- 
mecula, CA). The EnVision detection system was applied. 
HER-2 oncogene expression was determined with the im- 
munohistochemical method (HercepTest™, DAKO, Glostrup, 
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Denmark). HER-2 protein was considered over-expressed 2.0 - 
(positive) if the staining was classified as 3+, wliereas ail 
2+ cases were verified by amplification of tlie c-erbB2 gene i.g - 
testing witli fluorescent in situ hybridization (FISH). 

1.5 - 

Statistical analysis 

Statistical analysis was performed using Statistica § 1.4 
10.0 for Windows (StatSoft). The results are expressed as | 
medians (25-75% range). The distribution of values was _ 
verified by Shapiro-Wilk test. The comparisons between '~ 
studied groups and subgroups were performed using 
non-parametric Mann-Whitney test. Spearman rank order 
correlations between TAS and age were calculated. The 
statistical significance was accepted at the level p < 0.05. 



Results 

The study demonstrated a statistically significant de- 
crease in the plasma TAS concentration in the breast can- 
cer patient group when compared to the controls (Fig. 1). 
The TAS concentration was found not to differ significantly 
between breast cancer subgroups in regard to the status 
of lymph nodes (NO vs. N-i-). The TAS level was not signifi- 
cantly different between breast cancer subgroups, either 
in relation only to ERp expression (ERP-f vs. ERp-) or con- 
sidering the steroid receptor status (ERa-F, ERp-f, Pg+ vs. 
ERa+, ERp- Pg+), even in the selected lymph node nega- 
tive subgroup. Similarly, HER-2 expression did not signifi- 
cantly affect the TAS concentration (Table 2). 

The difference in the TAS level between breast cancer 
(lower) and control (higher) patients was maintained when 
the subjects were categorized in relation to the hormon- 
al status [i.e. premenopausal, postmenopausal with and 
without hormonal replacement therapy (HRT)]. The TAS 
concentration was found to be significantly lower in the 
premenopausal breast cancer subgroup than in the post- 
menopausal group without HRT. Also, a tendency of TAS 
level to increase with age in both studied groups, with and 
without breast cancer, was observed. A positive correla- 
tion between TAS and age was found in the whole breast 
cancer group (R = 0.44, p = 0.004) whereas in the control 
group and in studied subgroups no significant correlation 
was observed. The age of given subgroups was similar be- 
tween the cancer patients and the controls, while it was 
significantly different among subgroups within one study 
group, i.e. either with cancer or controls (Table 3). 

Discussion 

Oxidative stress and gene-environment interactions are 
considered to play a significant role in the development 
of breast cancer [11]. Oxidative stress can either enhance 
or decrease the activity/concentration of antioxidants de- 
pending on adaptive abilities of the organism and the time 
of exposure (acute or chronic) [14]. 

Decreased plasma total antioxidant capacity across 
patient subgroups of different age in comparison to the 
controls, as the present study has demonstrated, suggests 
consumption of plasma antioxidants by enhanced ROS/ 
RNS production in women newly diagnosed with breast 



0.6 ' ' ' ' 

cancer control 

° IMedian 
□ 25-75% 
lMin-IV\ax 

Fig. 1. The comparison of plasma total antioxidant status (TAS) be- 
tween the breast cancer and the control groups 

cancer. Thus, the finding supports the hypothesis of oxida- 
tive stress involvement in breast carcinogenesis. 

However, the study done by Singh et ai revealed that 
plasma ferric reducing capacity (a method different than 
TAS) did not differ significantly between breast cancer pa- 
tients before any treatment and healthy controls [15], 

The results of other investigations have demonstrated al- 
tered redox status in breast cancer tissue when compared to 
adjacent normal tissues and to fibroadenoma. Most of the 
data consistently have reported increased levels of lipid per- 
oxidation markers. Activities of cellular antioxidant enzymes, 
e.g. MnSOD, CuZnSOD, GPx, and the concentration of GSH, 
were also found to be elevated, whereas activity of CAT was 
determined to be either increased or decreased [16, 17]. 



Table 2. The plasma total antioxidant status (TAS) in the breast cancer 
and the benign breast disease (control) groups in relation to the 
lymph node status, ERp status, steroid receptor status and HER-2/neu 
expression. The results are expressed as medians (25-75% range) 



Study group/subgroup 


TAS (mmol/l) 


Breast cancer 


1.35 (1.22-1.44)* 


status of lymph node: negative (NO) 


1.33 (1.22-1.42) 


status of lymph node: positive (N+) 


1.35 (1.27-1.55) 


ERP positive (+) {n = 21) 


1.33 (1.27-1.43) 


ERp negative (-) (n = 20) 


1.36 (1.20-1.48) 


ERa+, ERP+, PgR+ [n = 19) 


1,30 (1.24-1.43) 


ERa+, ERp-,PgR+ (n = 16) 


1.36 (1.20-1.48) 


NO: ERa+, ERp+, PgR+ (n = 13) 


1.29 (1-27-1.43) 


NO: ERa+, ERp- PgR+ [n = 13) 


1.35 (1.18-1.38) 


HER-2 negative (-) [n = 26) 


1.34 (1.22-1.38) 


HER-2 positive (+) [n = 15) 


1.36 (1.24-1.59) 


ERa-r, ERp-i-, PgR+, HER-2- (n = 12) 


1.31 (1.27-1.36) 


ERa-r, ERp-, PgR-i-, HER-2- [n = 12) 


1.36 (1.16-1.56) 


Controls 


1.61 (1.41-1.73)* 



*p = 0.0001 
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Table 3. The plasma total antioxidant status (TAS) and age in the breast cancer and the control groups in relation to the hormonal status. 
The results are expressed as medians (25-75% range) 



Parameter 

TAS (mmol/l) 
Age (years) 

TAS (mmol/l) 
Age (years) 

TAS (mmol/l) 
Age (years) 

HRT - hormonal replacement therapy; TAS - total antioxidant status 



Breast cancer 

Premenopausal 
1.26 (1.06-1.26)* 
42.0 (41.0-45.0)" 

Postmenopausal with HRT 
1.30 (1.20-1.29) 
52.0 (48.0-58.5)" 

without HRT 
1.42 (1.24-1.67)* 
62.0 (58.0-70.0)2.3 



Controls 

Premenopausal 
1.41 (1.38-1.56) 
37.5 (36.0-42.0)'>5 

Postmenopausal with HRT 
1.60 (1.42-1.69) 
57.0 (54.0-58.0)^ 

without HRT 
1.71 (1.57-1.75) 
58.0 (55.5-68.0)5 



p-value 

0.01 
NS 



0.04 
NS 



0.01 
NS 



Similarly, studies on blood oxidant-antioxidant status 
in breast cancer patients revealed higher levels of su- 
peroxide radical and lipid peroxidation products [18]. In 
breast cancer patients CuZnSOD, CAT, GPx and GST ac- 
tivity along with GSH concentration was reported to be 
increased in comparison to fibroadenoma patients [19]. 
In different studies, CuZnSOD, CAT, GPx, GST, GSH and 
vitamin C and E were found to be decreased when com- 
pared to both fibroadenoma and healthy controls [20, 21]. 
It was concluded that even upregulated cellular antiox- 
idant enzyme activities do not protect macromolecules 
(e.g. lipids) from the consequences of oxidative stress in 
the course of breast malignancy The above findings also 
might confirm enhanced consumption of plasma antiox- 
idant micronutrients. Moreover, higher levels of plasma 
total antioxidant capacity determined with a different 
method (Trolox-equivalent antioxidant assay) and plas- 
ma micronutrients/metabolite with strong antioxidant 
properties (e.g. (3-carotene, retinol and bilirubin) were 
previously reported to be associated with reduced risk 
of breast cancer [22]. To what extent oxidative stress de- 
tected in breast cancer patients is a causative agent and 
to what extent it is the result of the malignant process 
remains to be elucidated in the context of the possible 
preventive intervention. 

Estrogen receptor p was reported to play an important 
role in cellular protection against oxidative stress. Tamox- 
ifen-liganded ERp was observed to activate transcription- 
ally the major detoxifying enzyme NAD(P)H:-quinone ox- 
idoreductase and to protect against E^-induced oxidative 
DNA damage in breast epithelial cell lines [23]. The present 
investigation failed to demonstrate any significant differ- 
ence in the plasma TAS concentration between breast can- 
cer subgroups in relation to the ERp expression considered 
either alone or in conjunction with other steroid receptors 
or along with HER-2/neu expression. However, a striking 
tendency was observed towards higher TAS concentration 
in all subgroups with ERp negative expression also in the 
same receptor status and lymph node negative patients. 

Oxidative stress can change the structure and function 
of ER and PgR, influencing the biology and clinical out- 
come of ER-positive breast malignancy [2, 24]. The data 
suggest that ROS/RNS production may regulate both ERa 
and p expression and therefore can influence a variety 



of key molecular mechanisms. ROS at low physiological 
concentrations significantly increased ERp levels but had 
no effect on ERa in human breast cancer cells [24]. In our 
study, polyclonal antibodies against ERp were used. The 
determination of ERp isoforms along with other parame- 
ters of redox status (i.e. intracellular antioxidant enzymes 
and markers of oxidative damage to macromolecules) 
might enable better understanding of their mutual influ- 
ence. The influence of redox status on ER function seems 
to be worth further exploring in the context of its possible 
role in anti-estrogen breast cancer prevention and treat- 
ment outcomes. 

Oxidative stress is considered to play a very important 
role in the aging process. In the present work we found 
higherTAS concentration in postmenopausal women with- 
out HRT than in premenopausal breast cancer patients, 
whereas the difference among respective subgroups of 
healthy controls was not significant. The observed chang- 
es in TAS may be associated with the increasing age of 
patient subgroups and thus increased ROS/RNS produc- 
tion. That explanation might be supported by our finding 
of a positive correlation between TAS level and age in the 
cancer group. Wang et ai demonstrated that TAS levels re- 
main relatively constant across age groups in women with 
a slight tendency to be higher in the 60-year-old than in 
the 40-year-old group [13]. The observed changes in TAS 
might also be related to different estrogen status in pa- 
tient subgroups. In our opinion, the correct interpretation 
of the differences in TAS related to age and estrogen sta- 
tus in both breast cancer and healthy women could be 
done only along with levels of markers of oxidative dam- 
age to macromolecules. Otherwise, we can speculate only 
whether increased TAS level results from increased pro- 
duction of ROS/RNS inducing increased activity of plasma 
antioxidants or from decreased production of ROS/RNS, 
hence less consumed extracellular antioxidants. 

In summary, using a simple and relatively cheap meth- 
od for the plasma TAS, no significant difference between 
breast cancer subgroups in relation to ERp expression was 
found. An observed tendency towards higher TAS level in 
all ERp negative breast cancer patients seems to be worth 
further exploring, especially along with markers of oxida- 
tive damage to macromolecules for the complete estima- 
tion of redox imbalance and on a bigger group of breast 
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cancer patients to determine whether it could help in per- 
sonalization of primary and/or secondary prevention of 
breast cancer 



The authors declare no conflict of interests. 



23. Montano MM, Chaplin U, Deng H, et al. Protective roles of quinine 
reductase and tamoxifen against estrogen-induced mammary tu- 
morigenesis. Oncogene 2007; 26: 3587-90. 

24. Yau C, Benz CC. Genes responsive to both oxidant stress and loss 
of estrogen receptor function indentify a poor prognosis group of 
estrogen receptor positive primary breast cancers. Breast Cancer 
Res 2008; 10: 1-17. 



References 

1. Santen R, Cavalieri E, Rogan E, Russo , Guttenplan J, Ingle J, Yue W. 
Estrogen mediation of breast tumor formation involves estrogen 
receptor-dependent, as well as independent, genotoxic effects. 
Ann N Y Acad Sci 2009; 1155: 132-40. 

2. Acharya A, Das I, Chandhok D, Saha T. Redox regulation in cancer. 
A double-edged sword with therapeutic potential. Oxid Med Cell 
Longev 2010; 3: 23-34. 

3. Mense SM, Singh B, Remotti F, Liu X, Bhat HK. Vitamin C and al- 
pha-naphthoflavone prevent estrogen-induced mammary tumors 
and decrease oxidative stress in female ACI rats. Carcinogenesis 
2009; 30: 1202-8. 

4. Tamir S, Izrael S, Vaya J. The effect of oxidative stress on ERal- 
pha and ERbeta expression. J Steroid Biochem Mol Biol 2002; 81: 
327-32. 

5. Hartman J, Strom A, Gustafsson JA. Estrogen receptor beta in 
breast cancer-diagnostic and therapeutic implications. Steroids 
2009; 74: 635-41. 

6. Murphy LC, Leygue E. The role of estrogen receptor-p in breast 
cancer Semin Reprod Med 2012; 30: 5-13. 

7. Speirs V, Green AR, Hughes TA, Ellis 10, Saunders PT, Shabban AM. 
Clinical importance of estrogen receptor beta isoforms in breast 
cancer J Clin Oncology 2008; 26: 5825. 

8. Cerutti P Oxy-radicals and cancer. Lancet 1994; 344: 862-3. 

9. KlauingJE, Kamendulis LM, Hocevar BA. Oxidative stress and oxi- 
dative damage in carcinogenesis. Toxicol Pathol 2010; 38: 96-109. 

10. Maynard S, Schuramn SH, Harboe C, de Souza-Pinto NC, Bohr VA. 
Base excision repair of oxidative DNA damage and association 
with cancer and aging. Carcinogenesis 2009; 30: 2-10. 

11. Ambrosone CB. Oxidants and antioxidants in breast cancer Anti- 
oxid Redox Signal 2000; 4: 903-17. 

12. Bartosz G. Non-enzymatic antioxidant capacity assays: limitations 
of use in biomedicine. Free Radic Res 2010; 44: 711-20. 

13. Wang XL, Rainwater DL, VanderBerg JF, Mitchell BD, Mahaney MC. 
Genetic contributions to plasma total antioxidant activity Arterio- 
scler Thromb Vase Biol 2001; 21: 1190-5. 

14. de Oliveira MF, AmoSdo ND, Rumjanek FD. Energy and homeosta- 
tis in tumor cells. Int J Cell Biol 2012; 2012: 1-15. 

15. Singh G, Maulik SK, Jaiswal A, Kumar P, Parshad R. Effect of anti- 
oxidant levels in patients of breast carcinoma during neoadjuvant 
chemotherapy and mastectomy Malaysian J Med Sci 2010; 17: 
24-28. 

16. Kumaraguruparan R, Kabalimoothy J, Nagili S. Correlation of tissue 
lipid peroxidation and antioxidants with clinical stage and meno- 
pausal status in patients with adenocarcinoma of the breast. Clin 
Biochem 2005; 38: 154-8. 

17. Tas F, Hansel H, Belce A, llvan S, Argon A, Camlica H, Topuz E. Oxi- 
dative stress in breast cancer Med Oncol 2005; 22: 11-5. 

18. Yeh CC, Hou MF, Tsai SM, et al. Superoxide anion radical, lipid per- 
oxides and antioxidant status in the blood of patients with breast 
cancer Clin Chem Acta 2005; 361: 104-11. 

19. Kumaraguruparan R, Subapiya R, Kabalimoothy J, Nagili S. Antiox- 
idant profile in the circulation of patiens with fibroadenoma and 
adenocarcinoma of the breast. Clin Biochem 2002; 35: 275-9. 

20. Kasapovic J, Pejic S, Todorovic A, Stojiljkovic V, Pajovic SB. Antiox- 
idant status and lipid peroxidation in the blood of breast cancer 
patients of different ages. Cell Biochem Fund 2008; 26: 723-30. 

21. Rajneesh CP, Manimaran A, Sasikala KR, Adaikappan P Lipid per- 
oxidation and antioxidant status in patients with breast cancer 
Singapore Med J 2008; 49: 640-3. 

22. Chigh S, Ingram D, Hahnel R, Beilby J, Rossi E. Serum levels of mi- 
cronutrients, antioxidants and total antioxidant status predict risk 
of breast cancer in case control study. J Nutr 2002; 132: 3003-6. 



Address for correspondence 

Mitostawa Maria Zowczak-Drabarczyk MD, PhD 

Department of Clinical Biochemistry and Laboratory Medicine 
Poznan University of Medical Sciences 
Grunwaldzka 6 
62-040 Poznah 

e-mail: milka.drabarczyk@gmail.com 

Submitted: 9.09.2013 
Accepted: 5.11.2013 



